International Conference Geometric and Algebraic Methods in Mathematical Physics by unknown
  
 
 
 
 
 
 
 
 
 
 
International Conference  
 
Geometric and Algebraic Methods  
in Mathematical Physics 
 
March 16-19, 2015 
Dortmund, Germany 
 
 Preprint 2015-01  March 2015 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fakultät für Mathematik 
Technische Universität Dortmund 
Vogelpothsweg 87 
44227 Dortmund tu-dortmund.de/MathPreprints 
International Conference
Geometric and Algebraic Methods
in Mathematical Physics
March 16–19, 2015
Dortmund, Germany
Abstracts

The section Differential Geometry
Faculty of Mathematics
TU Dortmund
likes to welcome you to
GAMMP 2015
Organizing committee:
Frank Klinker
Frank Reidegeld
Lorenz Schwachho¨fer Technische Universita¨t Dortmund
Fakulta¨t fu¨r Mathematik
– Differentialgeometrie –
44221 Dortmund, Germany

GAMMP 2015 Abstracts
Abstracts
G-structures and their remarkable spinor
fields
Ilka Agricola
Philipps-Universita¨t Marburg, Germany
agricola@mathematik.uni-marburg.de
Abstract. In this talk, I will describe how several interesting
G-structures on Riemannian manifolds (in particular almost con-
tact structures, 3-contact structures, SU(3)-structures, and G2-
structures) can be described in a systematic way through remarkable
spinor fields and field equations that they satisfy – generalizing the
well-known equations for Riemannian Killing spinors, generalized
Killing spinors, Killing spinors with torsion, and quasi-Sasakian
Killing spinors. Applications include eigenvalue estimates for Dirac
operators with skew torsion, cone constructions for G-manifolds
admitting a characteristic connection, and embedding theorems for
hypersurfaces.
On the longtime behavior of homogeneous
Ricci flows
Christoph Boehm
Westfa¨lische Wilhelms-Universita¨t Mu¨nster, Germany
cboehm@math.uni-muenster.de
Abstract. In this talk, we will report on recent results on the Ricci
flow on homogeneous spaces: For instance, we will show that a
homogeneous Ricci flow solution with finite extinction time develops
a Type I singularity. This applies in particular to compact homoge-
neous spaces different from a torus. For immortal homogeneous Ricci
flow solutions we will show that they develop a Type III singularity.
5
GAMMP 2015 Abstracts
The supersymmetric nonlinear sigma model
as a geometric variational problem
Volker Branding
Technische Universita¨t Wien, Austria
volker@geometrie.tuwien.ac.at
Abstract. We will study the functional of the full supersymmetric
nonlinear sigma model from the point of view of differential geometry
and global analysis. In this framework we will discuss geometric
and analytic properties of its critical points which correspond to the
classical equations of motion in physics.
On the center of mass in general relativity
Carla Cederbaum
Universita¨t Tu¨bingen, Germany
cederbaum@math.uni-tuebingen.de
Abstract. In many situations in Newtonian gravity understanding
the motion of the center of mass of a system is key to understanding
the general trend of the motion of the system. It is thus desirable
to also devise a notion of center of mass with similar properties in
general relativity. However, while the definition of the center of mass
via the mass density is straightforward in Newtonian gravity there is a
priori no definitive corresponding notion in general relativity. Instead,
there are several alternative approaches to defining the center of
mass of a system. We will discuss these different approaches for both
asymptotically Euclidean (isolated) and asymptotically hyperbolic
(collapsing) systems and present some explicit (counter-)examples.
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Boundary behaviour of Hitchin and hypo
flows with left-invariant initial data
Vicente Corte´s
Universita¨t Hamburg, Germany
vicente.cortes@math.uni-hamburg.de
Abstract. Hitchin and hypo flows constitute a system of first order
PDEs for the construction of Ricci-flat Riemannian metrics of special
holonomy in dimensions six, seven, and eight. Assuming that the
initial geometric structure is left-invariant we study whether the
resulting Ricci-flat manifolds can be extended in a natural way to
complete Ricci-flat manifolds. This talk is based on joint work
with Florin Belgun, Marco Freibert, and Oliver Goertsches, see
arXiv:1405.1866 (math.DG)
On asymptotic invariants of asymptotically
hyperbolic manifolds
Julien Cortier
Max-Planck-Insitut fu¨r Mathematik Bonn, Germany
jcortier@mpim-bonn.mpg.de
Abstract. Asymptotically hyperbolic manifolds are non compact
manifolds that naturally arise in general relativity when one wishes
to study isolated systems. One can attach to some of them the
‘mass’ which behaves nicely under transformations that preserve the
asymptotic behavior of the metric. In a joint work with Mattias
Dahl and Romain Gicquaud we aim at finding and classifying all
such quantities. I will sketch the method; it deals with the action on
the set of asymptotically hyperbolic metrics of the group of elements
that preserve the hyperbolic space.
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Star products on graded manifolds and
deformations to Courant algebroids from
string theory
Andreas Deser
Leibniz Universita¨t, Germany
andreas.deser@itp.uni-hannover.de
Abstract. Deformations of Courant algebroids are of interest in
both, physics and mathematics. It was realized by Roytenberg that
Lie bialgebroids and the corresponding Courant algebroids can be
characterized by a homological vector field on the parity reversed
underlying Lie algebroid, leading to the notion of the Drinfel’d
double of a Lie bialgebroid. In a similar way, we show that the so-
called C-bracket, a bi-linear operation governing the gauge algebra
of double field theory, can be characterized with the help of the
Poisson structure on the Drinfel’d double of the underlying Lie
bialgebroid. Using this result we are able to apply a graded version of
the Moyal-Weyl star product to compute the first order deformation
of the C-bracket by evaluating the star-commutator. Remarkably,
these coincide with the first order corrections in the string coupling
parameter found recently in string theory.
Circle-Invariant Instantons, Monopoles and
their Moduli Space
Guido Franchetti
Heriot-Watt University, Edinburgh, UK
gdfranchetti@gmail.com
Abstract. The L2-metric on the moduli space of hyperbolic
monopoles is known to be divergent, however hyperbolic monopoles
can be equivalently considered as a circle-invariant instantons de-
fined on the four-sphere. The latter have a finite L2-metric which is
examined in this talk in the simplest case of one instanton.
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SU(4) holonomy via the Hitchin and hypo
flow on Lie algebras
Marco Freibert
Aarhus University, Denmark
marco.freibert@math.au.dk
Abstract. Hitchin’s flow equations in seven dimensions are PDEs for
1-parameter families of cocalibrated G2-structures whose solutions
define eight dimensional Riemannian manifolds with holonomy con-
tained in Spin(7). In general, this holonomy is not equal to Spin(7)
but may reduce further to a subgroup of SU(4). In this case, the
Riemannian manifold can be understood as being obtained by the
so-called hypo flow of a 1-parameter family of hypo SU(3)-structures
underlying the mentioned 1-parameter family of cocalibrated G2-
structures.
In this talk, we will study these flows in the left-invariant setting
on a Lie group. We will show that the Hitchin flow on an almost
abelian Lie algebra can always be reduced to the hypo flow and so
gives us always Riemannian manifolds with holonomy contained in
SU(4). We will also show that this Riemannian manifold cannot
have irreducible holonomy Sp(2). Moreover, we present some other
conditions on the initial hypo SU(3)-structure on a Lie algebra such
that the hypo flow yields Riemannian manifolds with holonomy even
equal to SU(4).
Classification of naturally reductive spaces
Thomas Friedrich
Humboldt-Universita¨t zu Berlin, Germany
friedric@math.hu-berlin.de
Abstract. We present a new method for classifying naturally reduc-
tive homogeneous spaces – i. e. homogeneous Riemannian manifolds
admitting a metric connection with skew torsion that has parallel
torsion and curvature. This method is based on a deeper understand-
ing of the holonomy algebra of connections with parallel skew torsion
on Riemannian manifolds and the interplay of such a connection
with the geometric structure on the given Riemannian manifold. It
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allows to reproduce by easier arguments the known classifications in
dimensions three, four, and five (Kowalski et el 1985), and yields as
a new result the classification in dimension six. In each dimension
one obtains a ‘hierarchy’ of degeneracy for the torsion form which
we then treat case by case. For the completely degenerate cases
we obtain results that are independent of the dimension. In some
situations we are able to prove that any Riemannian manifold with
parallel skew torsion has to be naturally reductive.
Classification problem for
pseudo-Riemannian holonomy groups
Anton Galaev
Masaryk University, Czech Republic
galaev@math.muni.cz
Abstract. The classification of the holonomy algebras (equivalently,
of the connected holonomy groups) of Riemannian manifolds is a
well-known result, which has many consequences and applications in
geometry and physics. This motivates the classification problem for
the holonomy algebras of pseudo-Riemannian manifolds of arbitrary
signature. The complete solution is obtained only for Lorentzian
manifolds by L. Berard-Bergery, A. Ikemakhen, T. Leistner and me.
I will discuss this classification and some of its applications. Then I
will discuss the partial results in other signatures: my results about
the holonomy algebras of pseudo-Kaehlerian manifolds of signature
(2, 2n); results of N. Bezvitnaya about the holonomy algebras of
pseudo-hyper-Kaehlerian manifolds of signature (4, 4n) and of the
holonomy algebras of pseudo-quaternionic-Kaehlerian manifolds of ar-
bitrary signature; the results of L. Berard-Bergery and A. Ikemakhen
about the holonomy algebras of pseudo-Riemannian manifolds of
the neutral signature. In the last part of the talk I will present two
of my general results for pseudo-Riemannian manifold of arbitrary
signature. The first result shows that there cannot be a classifi-
cation in the arbitrary signature, since the holonomy algebra of a
pseudo-Riemannian manifold of signature (r + 2, s+ 2) may contain
an arbitrary subalgebra of so(r, s). The second result gives an un-
expected classification of the holonomy algebras of the non-vacuum
Einstein pseudo-Riemannian manifolds of arbitrary signature.
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On holonomy groups of Weyl connections
Jonas Grabbe
University College London, UK
yong.wei@ucl.ac.uk
Abstract. A conformal structure on a manifold is said to be a confor-
mal product structure if it admits two conformal submersions with
orthogonal fibres intersecting transversally. Motivated by this notion,
we classify the possible holonomy groups of Weyl connections. The
Berger-Simons theorem and the Merkulov-Schwachho¨fer classifica-
tion of holonomy groups of irreducible torsion-free connections leaves
us with the remaining case where the Weyl connection is reducible
and non-closed. In this case, Florin Belgun and Andrei Moroianu
showed that the Weyl structure is a Weyl structure of a non-closed
conformal product.
The Lp-spectrum of the Dirac operator on
hyperbolic space and applications
Nadine Grosse
Universita¨t Leipzig, Germany
nadine.grosse@math.uni-leipzig.de
Abstract. We determine the spectrum of the Dirac operator as an
operator from Lp to Lp on the hyperbolic space and on products
of the hyperbolic space with compact manifolds. The spectrum is
no longer real in general; for example for the hyperbolic space it is
a strip around the real axis. This spectrum is helpful for applica-
tions in conformal geometry and for solving non-linear PDEs. We
obtain positive and negative results about the validity of Hijazi-type
inequalities on non-compact manifolds, and we derive estimates for
spinorial Yamabe-type invariants (Joint work with Bernd Ammann,
Regensburg). The contents of the first part of the talk is covered in
arXiv:1405.2830.
11
GAMMP 2015 Abstracts
Supergeometry in locally covariant quantum
field theory
Florian Hanisch
Universita¨t Potsdam, Germany
fhanisch@uni-potsdam.de
Abstract. The framework of locally covariant QFT provides a rigor-
ous axiomatic set-up for the formulation of classical and quantum
field theories in curved space-time. Within this setting theories are
described by functors from a suitable category of space-times to a
category of algebras of observables. In this talk we will extend this
concept to include certain supersymmetric theories which may be
defined in terms of supergeometric structures on space-time. Start-
ing from a category SLoc of super-Cartan manifolds, we will show
that it is not difficult to construct a functor A : SLoc → S∗Alg
into the category of super-∗-algebras, which can be interpreted as
free super-quantum field theory. However, it turns out that this
naive construction does not capture supersymmetry transformations
because these do not arise as ordinary morphisms of supermanifolds
but rather as higher points of a superset of morphisms. We will show
how to include these supersets in the locally covariant framework
using the concepts from enriched category theory and eventually
arrive at supersymmetric field theories. The formalism will be illus-
trated with the help of examples. The talk is based on joint work
with Thomas-Paul Hack and Alexander Schenkel.
Compact and asymptotically cylindrical
8-manifolds with holonomy Spin(7)
Alexei Kovalev
University of Cambridge, UK
a.g.kovalev@dpmms.cam.ac.uk
Abstract. We construct examples of asymptotically cylindrical Rie-
mannian eight-manifolds with holonomy group Spin(7). To our
knowledge, these are the first such examples. The construction uses
an extension to the asymptotically cylindrical setting of Joyce’s
existence result for torsion-free Spin(7)-structures. One source of
12
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examples arises from ‘Fano-type’ Ka¨hler four-orbifolds with smooth
anticanonical Calabi-Yau 3-fold divisors and with compatible anti-
holomorphic involution. We also develop a generalized connected
sum construction of compact Spin(7)-manifolds from asymptotically
cylindrical pairs. This produces a ‘pulling-apart’ deformation of a
compact Spin(7)-manifold constructed by Joyce as well as topologi-
cally new examples.
Deformation of Lagrangian submanifolds in
strict nearly Ka¨hler 6-manifolds
Hong Van Le
Mathematical Institute of ASCR, Czech Republik
hvle@math.cas.cz
Abstract. Lagrangian submanifolds in strict nearly Ka¨hler 6-
manifolds are related to special Lagrangian submanifolds in Calabi-
Yau 6-manifolds and coassociative cones in G2-manifolds. The sub-
jects are studied by many mathematicians and physicists from dif-
ferent angles. In my talk I shall briefly review motivations of the
problem of Lagrangian deformations of Lagrangian submanifolds in
strict nearly Ka¨hler six-manifolds and report new results obtained in
our joint work with Lorenz Schwachho¨fer. Especially, I shall explain
the reduction of the considered deformation problem in the smooth
category to the deformation problem in the real analytic category.
A part of my talk is based on our preprint arXiv:1408.6433.
Disconnecting the G2-moduli space
Johannes Nordstro¨m
University of Bath, UK
j.nordstrom@bath.ac.uk
Abstract. The ν-invariant of a G2-structure on a closed seven-
manifold M is an element of Z48 defined in terms of the signature
and Euler characteristic of a coboundary with a Spin(7)-structure.
I will describe how ν can be computed analytically in terms of η-
invariants on M , and how to use this to find examples where the
moduli space of holonomy G2 metrics on M is disconnected. This is
joint work in progress with Diarmuid Crowley and Sebastian Goette.
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Spin(9), Fourth Severi variety, Rosenfeld
planes and Clifford structures
Maurizio Parton
Universita` di Chieti-Pescara, Italy
parton@unich.it
Abstract. The Fourth Severy variety is the Hermitian symmetric
space EIII = E6/(Spin(10).U(1)), appearing in F. Zak’s classifi-
cation of smooth projective varieties which, in spite of their low
codimensions, are unable to fill their ambient projective spaces
through their secant and tangent lines. The Rosenfeld projective
planes are the Riemannian symmetric spaces EIII, EVI, EVIII. They
have been proposed by Rosenfeld as an extension of the octonionic
projective plane. Clifford structures were introduced by A. Moroianu
and U. Semmelmann, and can be viewed as extending the notion of
almost complex and almost quaternionic structures.
The Lie group Spin(9) can be seen as a subgroup of SO(16) gener-
ated by nine involutions. Starting from these nine involutions I will
sketch out how Spin(9) is related with the Fourth Severy variety,
the Rosenfeld projective planes, and Clifford structures.
Resonance for loop homology of spheres
Hans-Bert Rademacher
Universita¨t Leipzig, Germany
hans-bert.rademacher@math.uni-leipzig.de
Abstract. Using variants of the Chas-Sullivan product on the homo-
logy of the free loop space we derive resonance statements for closed
geodesics on spheres. This is joint work with Nancy Hingston.
14
GAMMP 2015 Abstracts
On the mass of asymptotically hyperbolic
initial data sets
Anna Sakovich
Max Planck Institute for Gravitational Physics Hannover,
Germany
sakovich.ann@gmail.com
Abstract. In this talk, we will focus on asymptotically hyperbolic
initial data for the Einstein equations of general relativity. These
objects arise naturally as hypersurfaces asymptotic to null cones in
asymptotically Minkowskian spacetimes. In this case an asymptotic
invariant called mass can be defined, its properties being similar to
those of ADM mass of asymptotically Euclidean initial data. We will
discuss perturbations which improve certain properties of asymptoti-
cally hyperbolic initial data while changing the mass arbitrarily little
and will outline some recent progress towards the proof of positive
mass conjecture in the asymptotically hyperbolic setting.
Differential geometric aspects of topological
quantum field theories and related
geometric structures
Lars Scha¨fer
Leibniz Universita¨t Hannover, Germany
schaefer@math.uni-hannover.de
Abstract. After recalling Atiyah’s axioms of a topological quantum
field theory, we discuss the geometric equations describing the defor-
mations thereof, called the tt∗-equations. Before we focus on nearly
Ka¨hler manifolds as a special class of solutions, we show that these
geometries coincide with a certain class of pluriharmonic maps.
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An algebraic-geometric method to solve
classical classification problems in the theory
of integrable systems
Konrad Scho¨bel
Friedrich-Schiller-Universita¨t Jena, Germany
konrad.schoebel@uni-jena.de
Abstract. We present an abstract, algebraic-geometric method to
solve a system of nonlinear partial differential equations which is
algebraic in its unknowns and their derivatives, provided this solution
also satisfies some overdetermined linear partial differential equation.
We then give two concrete examples where this method can be ap-
plied successfully. In the first example, the classification of separable
systems, this method reveals new and surprising algebraic-geometric
structures behind the well-known classification. In the second ex-
ample, the classification of superintegrable systems, this method is
expected to accomplish the currently incomplete classification.
Subriemannian Metrics and some Parabolic
Geometries
Jan Slovak
Masaryk University, Czech Republic
slovak@muni.cz
Abstract. The talk will report on work in progress, a joint project
of David M. J. Calderbank, Vladimir Soucek and myself, devoted
to the exploitation of the classical linearization principle known
from the projective metrizability problem. In the realm of parabolic
geometries, this leads to the quest for subriemannian metric par-
tial connections within the class of the Weyl structures on a given
parabolic geometry. I shall pay particular attention to the class of
parabolic geometries with the irreducible defining distributions (i.e.
one cross, or exceptionally two crosses, in the corresponding Satake
diagram), focusing on some particular examples.
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Instantons on Cones and Sine-Cones over
Sasakian manifolds
Marcus Sperling
Leibniz Universia¨t Hannover, Germany
marcus.sperling@itp.uni-hannover.de
Abstract. We investigate instantons on conical (n + 1)-manifolds
constructed from Sasaki-Einstein and 3-Sasakian n-manifolds. First,
concerning the geometry of the conical manifolds, we find Ka¨hler-
torsion structures over Sasaki-Einstein manifolds and hyper Ka¨hler-
torsion structures over 3-Saskian manifolds. In particular, for six
dimensions the examples of nearly Ka¨hler, Ka¨hler-torsion and half-
flat six-manifolds are considered which are prominent in flux com-
pactifications of string theory. Second, we investigate the instanton
equations for Yang-Mills fields in higher dimension and construct an
ansatz for the gauge connection that reduces the instanton equations
to a set of matrix equations. For these, we present and discuss some
solutions
Deformations of Coisotropic Submanifolds
in Jacobi Manifolds
Luca Vitagliano
Universita` degli Studi di Salerno, Italy
lvitagliano@unisa.it
Abstract. I discuss how to attach an L∞-algebra to any coisotropic
submanifold in a Jacobi manifold a` la Kirillov. This construction
generalizes and unifies analogous constructions in symplectic, Poisson,
and locally conformal symplectic geometry. As a new special case
one can attach an L∞-algebra to any coisotropic submanifold in a
(non-necessarily coorientable) contact manifold. The L∞-algebra
of a coisotropic submanifold S governs the (formal) deformation
problem of S. This is joint work with Hong Van Le, Yong-Geun Oh,
and Alfonso Tortorella.
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Hyperbolic Alexandrov-Fenchel inequality
Yong Wei
University College London, UK
yong.wei@ucl.ac.uk
Abstract. For any 2-convex and star-shaped hypersurface in hyper-
bolic space, we prove a sharp Alexandrov-Fenchel type inequality
involving the 2nd mean curvature integral and area of the hyper-
surface. I will start the talk with the motivation of the problem,
including an introduction of isoperimetric and Alexandrov-Fenchel
inequality in Euclidean space with the recent new proof and appli-
cations. Then I state our main result, recent progress, and some
open problems. Finally, I will give an overview of the proof: in
the strictly 2-convex case the proof relies on an application of Ger-
hardt’s convergence result of inverse mean curvature flow for strictly
mean-convex hypersurfaces in hyperbolic space, and sharp Sobolev
inequalities on sphere; in the general 2-convex case the proof involves
an approximation argument.
Higgs bundles, Prym varieties and limiting
configurations
Frederik Witt
Westfa¨lische Wilhelms-Universita¨t Mu¨nster, Germany
frederik.witt@uni-muenster.de
Abstract. In this talk we will discuss a (partial) geometric com-
pactification by limiting configurations of the moduli space of
Hitchin’s self-duality equations. While the proof is in essence analytic
we focus on its algebraic interpretation in terms of Higgs bundles
and Prym varieties.
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Exact solution of a four-dimensional field
theory
Raimar Wulkenhaar
Westfa¨lische Wilhelms-Universita¨t Mu¨nster, Germany
raimar@math.uni-muenster.de
Abstract. The regularisation of the λφ44-model on a noncommutative
geometry gives rise to a quartic matrix model with external matrix.
This model is exactly solvable in terms of the solution of a non-
linear equation and the eigenvalues of that matrix. The opposite
limit of infinite noncommutativity defines Schwinger functions on
standard R4 which satisfy the easy Osterwalder-Schrader axioms
growth, covariance and symmetry. We provide numerical evidence
for reflection positivity of the 2-point function for a certain range of
the coupling constant.
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Posters
Local monotonicity for some geometric
flows
Ahmad Afuni
Leibniz Universita¨t Hannover, Germany
afuni@math.uni-hannover.de
A natural cocalibrated G2 structure
Rui Albuquerque
Universita` die Torino, Italy
rui.albuquerque@unito.it
Jacobi and locally conformal symplectic
structures
Giovanni Bazzone
Universita¨t Bielefeld, Germany
gbazzoni@math.uni-bielefeld.de
Curvature properties of the
Ka¨hler/Ka¨hler-correspondence
Peter-Simon Dieterich
Universita¨t Hamburg, Germany
peter-simon.dieterich@uni-hamburg.de
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Complete quaternionic Ka¨hler metrics from
the q-map and the HK/QK correspondence
Malte Dyckmanns
Universita¨t Hamburg, Germany
malte.dyckmanns@math.uni-hamburg.de
Homogeneous cosmological models
Panagiotis Konstantis
Universita¨t Marburg, Germany
pako@mathematik.uni-marburg.de
On the Einstein flow with positive
cosmological constant
Klaus Kro¨ncke
Universita¨t Regensburg, Germany
klaus.kroencke@mathematik.uni-regensburg.de
A new approach to classifying naturally
reductive spaces
Reinier Storm
Universita¨t Hamburg, Germany
reinier.storm@gmail.com
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Euclidean Supergravity
Owen Vaughan
Universita¨t Hamburg, Germany
owen.vaughan@math.uni-hamburg.de
Invariant commutative n-ary superalgebras
via derived bracket construction
Elizaveta Vishnyakova
Max Planck Institute for Mathematics, Bonn, Germany
vishnyakovae@googlemail.com
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